The initial protection of plants through the use of insecticides and fungicides has been shown to be efficient for a good management of pests and diseases, however the molecules used in seed treatment have demonstrated a physiological effect on germination and initial vegetative development. The present work had as objective the evaluation of the physiological effect caused by two insecticides and a fungicide on the germination and vigor of the seeds. A randomized block design with six treatments and four replications was used. . The application of the treatments was performed according to the manufacturers' recommendations and the percentage of germination of the seeds was evaluated, on paper and sand roll substrates, the rate of emergence, the total length of seedlings, the electrical conductivity of the imbibition and aging solution accelerated, with a later pattern of germination. The data were submitted to Analysis of Variance and the means were compared by the Tukey test. The results indicated that there were statistically significant differences for all variables except paper germination. The treatments that received the application of the Maxim XL fungicide demonstrated superiority, both in the evaluation of germination in sand substrate, and in the vigor evaluations of seeds and seedlings, while the treatments that received application of Rocks insecticide were inferior to the other.
Introduction
Soybean is a widely cultivated crop in several Brazilian regions and is of great economic importance for the country. In order to achieve success in the implantation of the crop as well as high productivity indexes, it becomes indispensable to use high quality seeds. Seed quality is affected as a function of sowing, harvesting, beneficiation, reception, drying and as a result of the genotype-environment interaction in which they were produced.
In order to avoid possible losses due to pest actions, soil and shoot diseases that cause damage to seeds and young plants, the preventive use of insecticides and fungicides in the treatment of seeds is an alternative. This type of treatment has lower costs, less risk of intoxication for the product applicator, faster application efficiency, and greater agrochemical economy. According Pereira et al. (2016) , the chemical treatment of seeds is a practice that reduces the action of pests and pathogens, providing conditions more favorable to the growth and initial development of plants in the field.
Seed quality reflects directly on crop development, generating high vigor plants, population uniformity, absence of diseases transmitted via seed (Silva, Lazarini, & Sá, 2010) and greater competitive capacity (Kolchinski, 2003) , factors that can directly influence grain yield (Kolchinski, Schuch, & Peske, 2005) . Whereas low quality seeds show typical symptoms of aging, such as low viability, germination reduction and emergence rate, low tolerance to sub-optimal conditions and reduced seedling growth rate (Hamawaki et al., 2002) . Seed vigor is the sum of those properties that determine the potential level of activity and performance of a seed or a batch of seeds during germination and emergence of the seedling (Krzyzanowski, Vieira, & França Neto, 1999, p. 4) .
In Brazil, practically 100% of the soybean seeds are treated with fungicides, 30% with insecticides, 50% with micronutrients, also acting as a protection against the fungi and insects complex of the soil, increasing the emergence of the seedlings and their performance to the field, want in the initial establishment or during its vegetative cycle (Baudet & Peske, 2006) . According França-Neto et al. (2015) , the estimate is that more than 95% of the volume of soybean seeds produced in the national harvest of 2014/2015 was submitted to seed treatment, whether it is carried out in the industries and/or in the field.
On the other hand, some insecticides and fungicides can confer, besides the protective effect, certain types of physiological effects, potentiating the vigor of the seeds and seedlings, increasing the initial growth and development of the seedlings with possible reflections on crop productivity due to the fact that these substances to exert bioactivating functions inducing physiological and metabolic changes in plants. In this sense, the use of the insecticide Cruiser 350 FS as seed treatment in soybean, increased vigor, productivity, leaf and root area, more uniform stand, uniformity in emergence and better initial starter (Almeida, 2008) . In the corn crop, according to Dan et al. (2010) , significant reductions in vigor that were caused by Carbofuran in corn seeds were observed after treatment and storage for a period of 30 days. Grohs et al. (2012) , evaluating the first count of normal seedlings at 7 days after sowing, verified that the applications of Cruiser 350 FS were efficient in stimulating the germination of different rice cultivars. According to these same authors, thiamethoxam as well as gibberellic acid, promoted a stimulus germination that was already expected, because these substances act in different stages of the germinative process, stimulating mainly the activity of key enzymes involved. In the work of Dan et al. (2012) with soybean seeds, the Cruiser 350 FS, Standak, imidacloprid (Gaúcho) and control showed statistically similar values for the evaluation of the rate of emergence, and higher than the treatments that received imidacloprid + thiodicarb (Cropstar), Carbofuran (Furadan) and Acephate (Orthene). According Marchi et al. (2011) , the peanut seeds treated with Cruiser, Maxim XL, Maxim XL + Cruiser and control were similar in relation to the germination test.
The objective of this study was to evaluate the physiological quality of soybean seeds treated with Rocks® insecticides (bifenthrin + imidacloprid), Cruiser 350 FS® (thiamethoxam) and Maxim XL® (metalaxyl-m + fludioxonil) fungicide on germination and vigor of seeds.
Materials and Methods

Pesticides Treatments
The experiment was carried out in the seed analysis laboratory of the State University of Minas Gerais and the cultivar used was TMG123RR. Six treatments with four replicates of 50 seeds were evaluated, using the following products: T1-Distilled Water; T2-Rocks ® ( The dosages used were determined according to the manufacturers' recommendations and were as follows: Rocks-0.50 L of commercial product for 100 kg of seeds; Cruiser 350 FS-0.25 L of commercial product for 100 kg of seeds and Maxim XL-100 L of commercial product for 100 kg of seeds. The volume of the syrup used was 300 mL of syrup per 100 kg of seeds for all treatments.
For the application of the treatments a homogeneous syrup was prepared in order to provide the total coating of the seeds. The homogenization of the syrup with the seeds was carried out in plastic bags of 2 kg capacity. The whole was agitated for 2 minutes in order to homogenize the cover on the seeds and then dried the seeds in the shade for a period of 12 hours at a temperature of 25 °C. The seeds were used soon after these processes.
The variables evaluated were: Standard Germination Test on paper roll type substrate (SGTp), Standard Germination Test on sand substrate (SGTs), Emergency Velocity Index (EVI), Total Length of Seedlings (TLS), Electrical Conductivity of the Soaking Solution (EC) and Accelerated Aging (AA). 
Standard Germination Test on Paper Roll Type Substrate (SGTp)
It was performed in four replicates of 50 seeds each. The seeds were placed to germinate on a "germitest" paper substrate, previously moistened with distilled water using 2.5 times the mass of the dry paper, and kept at 25 °C. The evaluations were performed according to the Rules for Seed Analysis (MAPA, 2009).
Standard Germination Test on Sand Substrate (SGTs)
It was performed in four replicates of 50 seeds each. The seeds were placed to germinate in trays containing substrate of sand type and placed and watered daily. During the experiment the environment was maintained at a constant temperature of 25 °C. The evaluations were carried out according to the Rules for Seed Analysis (Brasil, 2009).
Emergency Velocity Index (EVI)
The test was performed from sowing in containers containing sand as substrate in four replicates of 50 seeds for each sample. The emerged seedlings were counted daily between the emergence and the numerical stabilization moment of the counts. The results were expressed as Maguire (1962) .
Total Length of Seedlings (TLS)
Four subsamples of 15 seedlings were used for each treatment. The seeds were seeded on rolls of germitest paper, moistened with distilled water, 2.5 times the dry weight of the paper, and kept in a germinator set at 25 °C for seven days. The TLS (tip from the main root to the edge of the youngest leaf) was evaluated at 7 days after sowing and the results expressed in centimeters (cm).
Electrical Conductivity (EC) of the Soaking Solution
Four replicates of 50 previously weighed soybean seeds (0.001 g) were used to soak in plastic cups (200 mL) containing 75 mL of deionized water and kept at 25 °C 24 h -1 (Hampton & Tekrony, 1995; . After the imbibition period, the EC was read, using a DIGIMED conductivity meter, model CD 21, with a constant electrode of 1.0. The final results were expressed as "micro Siemens per centimeter per gram" (S cm -1 g -1
).
Accelerated Aging (AA)
For the accomplishment was used gerbox box with horizontal metallic screen fixed in the median position. 0.04 L of distilled water (to obtain approximately 100% RH) was added to the bottom of each gerbox, and under the screen the seeds of each treatment were distributed to cover the surface of the screen, constituting a single layer. Then, the boxes containing the seeds were capped and incubated at 41 °C, where they remained for 48 hours (Marcos Filho et al., 2001) . After this period, the seeds were placed to germinate under the same conditions as the germination test on paper rolls, as previously described.
The data were submitted to Analysis of Variance and the means were compared by the Tukey Test at the 5% level with the aid of the statistical software SISVAR (Ferreira, 2014) .
Results
The results of the Variance Analysis and Tukey Test (0.05) corresponding to seed germination on paper roll and sand, emergence velocity index, total seedling length, EC and AA are contained in Table 1 , where there is no statistically significant difference only for the germination variable in paper roll. n.s.: not significant at the 5% probability level by the F test; *: significant at the 5% level by the F test.
Means followed by the same letter do not differ by Tukey test at the 5% probability level.
For the germination evaluations on the paper roll substrate (SGTp), no statistically significant difference was observed among the evaluated treatments. On the other hand, in the evaluation of the SGTs, there were statistically significant differences when the Tukey test was applied at 5% probability, and the treatments that contained the insecticide Cruiser 350 FS, applied in isolation or combined with the Maxim XL fungicide were those that obtained the highest percentages of germination of 92.50% and 95.00%, respectively, whereas the one containing Rocks insecticide, applied without the combination with fungicide , was the one with the lowest percentage of germination (82.00%).
Regarding the EVI, for the treatment that received the application of Rocks insecticide, a lower value was observed when compared to the other treatments, which were the treatments that received the application of the other insecticides and fungicide, applied in a way alone or together in addition to the witness.
In the variable TLS, the treatments that received the application of the Maxim XL fungicide were shown to be superior due to a greater stimulus of the growth of the seedlings, being that in the applications of Maxim XL and the combination between Rocks and Maxim XL, were those that obtained the greater lengths of seedlings, with values of 26.69 and 25.57 cm, respectively, whereas the treatment that received the combination between Cruiser 350 FS and Maxim XL, obtained the value of 23.39 cm. The treatments that received only the application of distilled water and the insecticide Rocks did not differ statistically between them and were inferior to the other treatments presenting the TLS of 16.79 and 17.40 cm, respectively.
With regard to AA, whose seeds after the aging process were put to germinate, the evaluations indicated that the germination of the seeds after the process, presented superior results, when they were treated only with distilled water and with the fungicide Maxim XL, whereas the treatment that contained the combination between the insecticide Rocks and the fungicide Maxim XL was what resulted in smaller percentages of germination, 76.50%.
Discussion
Germination is a factor of great importance, since when the seeds present a low germination percentage, this causes in plant stand faults and a probable loss to the producers. According Brasil (2005), it is defined that the minimum percentage of germination should be 80%. For all evaluated treatments the percentage of germination was satisfactory from the legislative point of view, because in all treatments the germination was superior to 80% regardless of the substrate used.
The treatments with insecticides and fungicides did not affect the twinning test performed with paper substrate, similarly, Costa et al. (2018) did not observe reductions in the percentage of germination due to the treatment of soybean seeds with fungicides and insecticides. In the work of Lemes et al. (2015) , testing three batches of pumpkin seeds with the application of Cruiser 350 FS, observed that the percentage of germination was 96%, higher than that found in this study, and the dose did not influence. In other works, Almeida et al. (2009) According Dias (2017), sowing soon after treatment with Rocks + nematicide Presence resulted in 90% germination, except for the treatment with Rocks that was lower. In the same study, the Maxim XL showed 90% germination, and Maxim XL with a nematicide indicated good germination and emergence performance. In the work of Melo et al. (2010) (2012) with rice culture, it was observed that the treatment with Maxim XL and Cruiser 350 FS did not show statistically difference in relation to the control treatment. It was also similar to the treatments with Maxim XL and Cruiser 350 FS when used in combination with polymers. The EVI is the most used method to evaluate the vigor of the seed, and the higher the index, the greater its vigor (Magalhães, 2012) .
The Maxim XL favored a longer seedling length, in this way, all the treatments that received this insecticide presented superior seedlings to the other treatments. In the work of Cunha et al. (2015) The Maxim XL fungicide and the distilled water treatment presented higher germination percentages after the accelerated aging process, while the same fungicide applied with the Rocks insecticide reduced the germination of the soybean seeds. Ferreira (2016) in his work with seeds of three soybean cultivars, evaluating AA, observed that the Cruiser 350 FS + Derosal Plus, Cropstar + Maxim XL and Cruiser 350 FS + Maxim XL found values statistically superior to the control when they received their respective treatments. In studies carried out by Marchi et al. (2011) the peanut seeds treated with Maxim XL and Cruiser 350 FS + Maxim XL presented values higher than the seeds treated with Cruiser 350 FS and with the control treatment when it came to AA, whereas in the work done by Cunha et al. (2015) , the authors noted that the Cruiser Advanced and Standak Top presented the best performance of the Cruiser 350 and the Cruiser Advanced, as well as the Crossover, Cruiser Advanced, Sedaxane, Avicta and Maxim XL, values inferior to the other applications and to the control treatment, whereas the treatments that received application of Cruiser 350 FS and Maxim XL were similar to the control and superior to the others. The application of the Rocks insecticide alone resulted in a decrease in germination and vigor, while the treatments that received application of the Maxim fungicide resulted in superior results when compared to the others.
